Background-Brugada syndrome is an arrhythmogenic disease characterized by an ECG pattern of ST-segment elevation in the right precordial leads and an increased risk of sudden cardiac death as a result of ventricular fibrillation. Controversy exists with regard to risk stratification and therapeutic management, particularly in asymptomatic individuals. Methods and Results-A total of 212 individuals (mean age, 45Ϯ6 years) with a type 1 Brugada ECG pattern were studied.
B
rugada syndrome is an arrhythmogenic disease characterized by an ECG pattern of ST-segment elevation in the right precordial leads and an increased risk of sudden cardiac death as a result of polymorphic ventricular tachyarrhythmias or ventricular fibrillation. 1 Controversy exists on risk stratification and therapeutic management, particularly in asymptomatic individuals with such an ECG pattern. Brugada et al 2 very recently reported on a large number of individuals with an ECG diagnostic of Brugada syndrome and no previous cardiac arrest. During a mean follow-up of 2 years, 8% of these patients suffered sudden cardiac death or had documented ventricular fibrillation. In contrast, Priori et al 3, 4 demonstrated that asymptomatic individuals and in particular individuals with only transient ECG abnormalities are at low risk of sudden cardiac death. Therefore, our goal was to verify these 2 opposite standpoints and to present long-term follow-up data on clinical and electrophysiological parameters in a large number of individuals with a so-called type 1 ECG 5 compatible with Brugada syndrome (Figure 1 ).
Methods

Patient Population
Patients diagnosed with an ECG characteristic of Brugada syndrome at the following 4 university hospitals were included: Academic Medical Center, Amsterdam (the Netherlands); University of Mün-ster (Germany); Medical Clinic of Mannheim, University of Heidelberg (Germany); and University of Nantes (France). Three groups were classified according to the circumstances under which the abnormal ECG was documented. The diagnosis was made after an episode of aborted cardiac arrest (group A), during diagnostic evaluation of syncope of unknown origin (group B), or during routine examination, or as a consequence of family screening after the diagnosis of Brugada syndrome was made in a family member (group C). An "index" patient was defined as the first individual with a clinical diagnosis within a family.
Clinical Data, ECG, and Electrophysiological Testing
Clinical data-including age at diagnosis, gender, family history of sudden cardiac death, and results of drug testing for unmasking the characteristic coved-type ECG pattern and invasive electrophysiological testing-were collected in the 4 centers. Patients were included in this study only if they had a type 1 ECG at baseline or after provocation with a class I antiarrhythmic drug. A type 1 ECG (Figure 1 ) was defined as a prominent coved ST-segment elevation displaying J-wave amplitude or ST-segment elevation Ն2 mm or 0.2 mV at its peak followed by a negative T wave. 5 The choice of drug was determined by the availability of the drug in the participating hospitals concerned. Either intravenous ajmaline (1 mg/kg body weight at a rate of 10 mg/min), flecainide (2 mg/kg body weight in 10 minutes with a maximum of 150 mg), or procainamide (10 mg/kg at a rate of 100 mg/min) was used. Echocardiography, cardiac catheterization, chest x-ray, and exercise testing excluded underlying structural heart disease. In addition, laboratory tests excluded acute ischemia and metabolic or electrolyte disturbances. In total, 212 individuals were studied. Most (nϭ183, 86%) were genetically tested for the presence of an SCN5A mutation, which has been linked to Brugada syndrome. 6 Baseline electrophysiological studies were recommended in all individuals and were finally performed in 186 (88%). A maximum of 3 ventricular extrastimuli were delivered from 2 ventricular sites unless ventricular fibrillation or a sustained ventricular tachyarrhythmia (lasting Ͼ30 seconds, causing syncope, or requiring intervention to be terminated) was elicited at a previous step. Premature beats were started in late diastole; coupling intervals were then reduced in 10-ms decrements until refractoriness was reached. Patients with inducible nonsustained ventricular arrhythmias (Ͼ6 beats that terminated spontaneously within 30 seconds) were classified as noninducible. Patient treatment was based on clinical judgment of the participating center. No patient received antiarrhythmic drugs, and 113 (53%) received an implantable cardioverterdefibrillator (ICD). During follow-up, patients were considered to have an arrhythmic event if sudden death occurred or ventricular fibrillation was documented.
Mutation Analysis of SCN5A
In the 183 patients (136 index) studied, all 28 exons of SCN5A were amplified by polymerase chain reaction from DNA isolated from peripheral leukocytes using intronic primers. Polymerase chain reaction products were subjected to direct sequencing of all coding regions. 7 To increase the probability of detecting the presence of any sequence change, SSCP was carried out at 2 different temperatures for each exon, and the size of fragments for SSCP was kept at Ϸ300 bp. 8 
Statistical Analysis
Data were analyzed with the SPSS package for paired and unpaired data and for survival curves. Survival curves were plotted by use of the Kaplan-Meier method and analyzed by the log-rank test. Student's t test or the Mann-Whitney test was performed when appropriate to test for statistical differences. A value of PϽ0.05 was considered statistically significant. When applicable, data are presented as meanϮSD.
Results
Patient Population and Genetic Analysis
The population consisted of 212 patients (152 male) with a mean age of 45Ϯ6 years at diagnosis (median, 45 years; range, 6 to 87 years) ( Table 1) . At diagnosis, 123 (58%) were asymptomatic, 65 (31%) had had Ն1 syncope of unknown origin, and 24 (11%) had been resuscitated because of ventricular fibrillation. One hundred sixty-five individuals (78%) were index patients, and 47 (22%) were identified during family screening. The asymptomatic individuals were identified mainly during a routine ECG (nϭ63; 51%), because of a family history of Brugada syndrome (nϭ40, 32%), or from complaints such as presyncope or palpitations (nϭ20; 16%). Age at diagnosis was similar between symptomatic and asymptomatic individuals (46Ϯ14 versus 44Ϯ14 years; PϭNS). A predominance of male patients was observed (152 compared with 60 female patients). All but 2 patients with a history of ventricular fibrillation were male (92%). However, gender did not significantly differ between symptomatic and asymptomatic patients (76% male versus 68% female; PϭNS). The study included 57 individuals (27%) with an identified SCN5A mutation. In the group of index patients, 34 patients (21%) had a family history of sudden cardiac death, and 32 of 136 screened index patients (24%; 22 men, 10 women) were found to have an SCN5A mutation. Mutation carriers with a normal ECG both at baseline and after drug provocation were not included in this study.
ECG Parameters, Sodium Channel-Blocking Drugs, and Electrophysiological Investigations
In 125 individuals (59%), a spontaneous coved-type ECG (type 1 ECG) was found that was defined as an ECG pattern at baseline as described above ( Figure 1 ). In the remaining individuals, class I antiarrhythmic drug administration unmasked the diagnostic type 1 ECG. The mean ST elevation was 2.3Ϯ1.2 mm in symptomatic patients (2.6Ϯ1.4 mm in group A; 2.2Ϯ1.2 mm in group B) and 1.9Ϯ1.5 mm in asymptomatic individuals (Pϭ0.04). In the presence of class I administration, ST elevation significantly increased (group A, 3.6Ϯ1.3 mm; group B, 3.8Ϯ1.5; group C, 3.9Ϯ1.6; PϽ0.05). The pattern of ST elevation (spontaneous type 1 ECG) was distributed equally between symptomatic patients (60%) and asymptomatic individuals (55%; PϭNS).
Data on the results of programmed electrical stimulation are presented in Table 1 . In 93 of 186 individuals investigated (50%), sustained ventricular tachyarrhythmias or fibrillation was inducible. The rate of induction was higher in symptomatic patients compared with asymptomatic individuals (63% versus 39%; PϽ0.001).
Follow-Up and Predictors of Outcome
The mean follow-up period for the entire study population was 40Ϯ50 months. Follow-up was significantly longer in patients with aborted sudden cardiac death (group A, 83Ϯ66 months; median, 74 months; range, 12 to 344 months) compared with patients with syncope (group B, 39Ϯ37 months; median, 33 months; range, 5 to 226 months) and asymptomatic individuals (group C, 34Ϯ52 months; median, 26 months; range, 3 to 178 months) (Pϭ0.0001). This difference is explained by the fact that individuals identified early in the participating centers were all survivors of sudden cardiac death. During follow-up, 4 of the 24 patients (17%) with prior cardiac arrest had a new arrhythmic event (ie, ICD intervention as a result of a sustained ventricular tachyarrhythmia or ventricular fibrillation). In patients identified after syncope, 4 of 65 patients (6%) had an arrhythmic event. In asymptomatic individuals, only 1 of 123 individuals (1%) had a first arrhythmic event. The difference in outcome in the 3 groups is shown in Figure 2 (for statistical analysis, see Study Limitations). In the presence of low statistical power because of the limited number of events, a previous history of aborted sudden cardiac death and syncope were predictors of adverse outcome (Pϭ0.006 compared with asymptomatic individuals). The period from diagnosis to arrhythmic event ranged from 2 to 36 months (mean, 10Ϯ11 months). The only asymptomatic individual who became symptomatic during follow-up was a 45-year-old male (age at diagnosis) who was found to have a characteristic type 1 ECG during a routine examination. No SCN5A mutation was found. During programmed electrical stimulation, ventricular fibrillation was inducible with 2 extrastimuli (basic cycle length, 600 ms; S1, 300; S2, 240 ms). Two months after ICD implantation, ventricular fibrillation occurred that was terminated by the device. All patients except one (89%) who experienced an appropriate ICD intervention during follow-up had a spontaneous type 1 ECG. All 9 patients who had experienced an arrhythmic event during follow-up had undergone programmed electrical stimulation, and 5 patients were inducible (56%; 2 with 1 and 3 with 2 extrastimuli, respectively). In the presence of 9 arrhythmic events during follow-up, the predictive values of programmed electrical stimulation were low. Using up to 3 ventricular extrastimuli, we found a positive predictive value of only 5.4% (negative predictive value, 95.7%, with a low sensitivity and specificity of 55.6% and 50.3%, respectively). If programmed ventricular stimulation had been stopped at a maximum of 2 ventricular extrastimuli, 17 individuals would not have been inducible. This would have resulted in positive and negative predictive values of 6.6% and 96.4%, respectively (sensitivity, 55.6%; specificity, 59.9%; see Study Limitations). In 3 of the 9 patients with arrhythmic events during follow-up, the coupling interval of the extrastimulus required to induce a 
Eckardt et al Risk Stratification in Brugada Syndrome
sustained ventricular tachycardia or ventricular fibrillation was Ͻ200 ms. Only 1 patient had a family history of sudden cardiac death, but 5 patients (55%) had other family members with Brugada syndrome. In only 1 patient was a SCN5A mutation found. A difference in the cardiac arrest-free survival curves ( Figure 3 ) was observed when patients with ST-segment elevation at baseline (regardless of clinical status) were compared with patients without a spontaneous type 1 ECG (log-rank test, Pϭ0.046; see Study Limitations). All asymptomatic individuals (nϭ53) and sudden death patients (nϭ9) with a transient type 1 ECG pattern were free of events during a mean follow-up of 32Ϯ25 and 78Ϯ26 months, respectively. Only 1 of 40 patients with a prior syncope and a type 1 ECG unmasked by class I drug administration demonstrated ventricular fibrillation during follow-up. In the presence of only 9 arrhythmic events during follow-up, gender, the presence of an SCN5A mutation, induction of sustained ventricular tachyarrhythmias, and a combination of any of these variables were not predictors of outcome.
Discussion
The aim of this study was to evaluate the long-term prognosis and to assess the value of clinical and electrophysiological parameters for risk stratification in individuals with a type 1 Brugada ECG. The study included 212 patients from 165 families. It should be discussed in view of the recent reports by Brugada et al 2, 9 and Priori et al 3 (Table 2) , who presented conflicting data with regard to prognosis and risk stratification in patients with Brugada syndrome. 2, 9 are not independent; all syncope and asymptomatic patients of the first report are also in the second.
Predictors of Outcome
During follow-up, we identified only 9 of 212 patients who developed a new or first arrhythmic event. Despite longer follow-up, we found a much lower incidence compared with the data reported by Brugada et al. 9 In our study, only 4 of 24 patients (17%) compared with 44 of 71 (62%) identified after prior cardiac arrest had another arrhythmic event during follow-up. Brugada et al 9 reported subsequent arrhythmic events in 19% of patients with prior syncope (14 of 73) and 8% of the asymptomatic individuals (16 of 190) compared with 6% (4 of 65) and 0.8% (1 of 123), respectively, in the present cohort (Table 2) . This difference is most likely related to baseline differences in the 2 patient populations. The worse outcome of patients in the "Brugada" registry compared with our data or the "Priori" registry most likely indicates that in particular families with a very severe form of the disease are reported to the "Brugada" registry, whereas the participating clinics of the present study included all patients who presented with a type 1 ECG over several years. The number of asymptomatic individuals with a family history of sudden cardiac death reported by Brugada et al 9 was much higher than in our database [131 (72%) versus 39 (32%)] or in the report by Priori et al 3 (20%). Thus, a selection bias of more severely affected families may have significantly contributed to the fact that the outcome of patients reported by Priori et al 3 and our own patients was much better than that of the Brugada registry.
We found a clear trend that previous syncope and a spontaneous type 1 ECG indicate a worse prognosis compared with only a transient abnormal ECG. This is in line with observations by Priori et al, 3 who identified a spontaneous pattern of Brugada ECG combined with a history of syncope as a predictor of sudden cardiac death. Because of the ongoing discussion of the characteristics of a typical Brugada ECG, only patients with the so-called type 1 ECG pattern 5 occurring either spontaneously or after class I antiarrhythmic drug provocation were included in the present study. We excluded all other patients, eg, those with (only) saddle-type ECG changes not changing to a type 1 pattern after drug testing with a class I agent. Of note, both Priori et al 3 and our registry included fewer cases with a spontaneous type 1 ECG pattern (51% and 59%, respectively) compared with Brugada et al (71%). 9 Our duration of follow-up was longer compared with the data reported by Brugada et al 9 (Table 2) . Because cumulative risk increases with longer follow-up periods, one might expect even more marked differences between the 2 patient populations during identical follow-up periods. More recently, Brugada et al 2 reported on 547 individuals with the ECG pattern of Brugada syndrome and no previous cardiac arrest. Because all syncope and asymptomatic patients had been included in the previous report, 9 it is not surprising that most of these patients also had a family history of sudden cardiac death (55%), which may again support the hypothesis of a selection bias toward more severely affected families. During a mean follow-up of 24Ϯ33 months compared with 34Ϯ52 months in the present study (Table 2) , 45 individuals (8.2%) experienced sudden cardiac death or ventricular fibrillation. The probability of a serious arrhythmic event (sudden death or documented ventricular fibrillation) during a 2-year follow-up ranged between 0.5% for asymptomatic individuals with transient ECG abnormalities and 27% in patients with syncope and a spontaneously abnormal ECG. These very high event rates are again in marked contrast to the low event rates reported by Priori et al 3 and in our database during a longer mean follow-up period. 
Treatment Strategy in Individuals With A Brugada ECG
Consensus exists on the indication of an ICD in cardiac arrest survivors. 10 This consensus is supported by our observation that a previous cardiac arrest is a strong indicator of adverse outcome, yet treatment of most asymptomatic individuals with a Brugada ECG or patients with syncope remains less clear. Following the recommendations of Brugada et al, 2 implantation of a defibrillator in patients with a previous syncope and a type 1 ECG "seems to be as mandatory as it is in patients with resuscitated sudden arrhythmic death." Very recently, Belhassen et al 11 reported that quinidine suppresses spontaneous arrhythmias in patients with Brugada syndrome and thus may be a safe alternative to ICD therapy in a substantial portion of patients. In patients with syncope, event rates during a relatively long follow-up period were remarkably low, although we included only individuals with a type 1 Brugada ECG. However, in the presence of low statistical power (see Study Limitations), our data also showed a clear trend that patients with syncope had more arrhythmic events than asymptomatic individuals did during a mean follow-up of Ϸ3 years. Hence, we recommend, on the basis of currently available data, that symptomatic patients (aborted sudden cardiac death or syncope) with the Brugada pattern have an ICD. In asymptomatic individuals, the occurrence of arrhythmic events was strikingly different compared with the Brugada registry data (0.8% versus 8%). 9 Therefore, our data question the widespread use of defibrillators in patients with a Brugada ECG but no previous cardiac arrest or syncope. It remains unclear what risk of sudden death is acceptable in a young person. Hence, aggressive management of these individuals may be justifiable on the basis of the lethality of the events but has to be weighed against the economic costs and the costs in terms of quality of life, including the risk for inappropriate shocks.
Conflicting data exist on the prognostic role of programmed electrical stimulation in Brugada syndrome. 4, 12, 13 The present data support the view that electrophysiological testing is not helpful in identifying individuals at risk of life-threatening arrhythmias. This may not be surprising in a disease with intermittent changes of repolarization and thus electrical instability. 4 We assessed the value of inducibility and confirmed previous reports of limited accuracy. 3, 4 We observed a clear trend that programmed electrical stimulation has a low positive predictive value but a high negative predictive value. Remarkably, all asymptomatic, noninducible individuals remained asymptomatic during follow-up. On the other hand, programmed electrical stimulation with a maximum of 3 extrastimuli "missed" 4 of 9 patients with arrhythmic events during follow-up. Thus, the difficult choice to implant or not to implant an ICD in an asymptomatic individual has to be made independently of the results of programmed electrical stimulation. Because some patients with a Brugada ECG pattern complain about palpitations and several groups have reported on supraventricular tachyarrhythmias in Brugada syndrome, 14, 15 invasive electrophysiological testing still plays a role in selected patients. However, according to our data, all asymptomatic individuals, particularly those with only transient type 1 ECG abnormalities, are at very low risk of sudden cardiac arrest. Further investigation, including programmed electrical stimulation or drug testing to unmask the characteristic type 1 ECG in those with transient ECG abnormalities, does not seem to be of additional value for risk stratification. These individuals, their families, and their physicians should be taught about the conflicting data on outcome in the existing registries. In addition, data on the various worldwide registries should be combined. Longer follow-up periods are necessary before definite conclusions can be drawn on the long-term prognosis of individuals with a Brugada ECG pattern. As Brugada et al 2 pointed out, it may be of particular value to monitor low-risk individuals and carefully to avoid potential triggers of ventricular tachyarrhythmias such as fever or proarrhythmic drug effects.
Study Limitations
The present study has limitations that should be acknowledged. Although the mean follow-up of 40Ϯ50 months was longer than that in recent reports by Brugada et al 2, 9 and Priori et al, 3 it clearly is still too short for final conclusions regarding the management of individuals with a Brugada ECG. In addition, our follow-up durations were variable, with many patients having a relatively short follow-up period. It is conceivable that prognosis might worsen as follow-up prolongs. Only with a larger number of patients and longer follow-up we will be able to clarify the long-term prognosis of individuals with assumed Brugada syndrome. In the meantime, however, it is very important to collect data that indicate that at least the "short-term" prognoses in the existing registries differ markedly.
Because of the low number of events during follow-up, the statistical analysis of the survival times suffers from low power. The given probability values correspond to the individual comparison. Because of the low number of patients with arrhythmic events during follow-up, no correction for multiple testing was performed. To detect a survival difference of Ϸ5% at a baseline of 90%, we would have had to include Ͼ700 patients with Ϸ50 events during follow-up (power, 80%; ␣ϭ5%). Thus, conclusions on predictors of outcome cannot be drawn from the present data, but the observed differences indicate important trends that are of clinical relevance. In addition, the low number of events clearly indicates that asymptomatic individuals are at very low risk for sudden death.
Programmed electrical stimulation was performed in only 89% of the included individuals. Because of the low number of arrhythmic events in this large population, we cannot conclude that the predictive role of programmed electrical stimulation remains that low during a longer follow-up period.
Conclusions
This study reports data on the second largest population of individuals with a Brugada ECG pattern with the longest follow-up reported so far. A low incidence of severe arrhythmic events was found during the first years after the ECG abnormality was diagnosed and/or the first clinical event. In the presence of low statistical power, previous histories of aborted sudden cardiac death and syncope were predictors for adverse outcome. Programmed electrical stimulation was found to have limited accuracy in predicting arrhythmic events.
